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Abstract 
Brazed diamond process is a new green manufacturing technology, and metallurgical bonding with the mixed chemical bond in 
the transition layer can be achieved between the diamond grits and its matrix. The high brazed temperature (970-1050 ć) and the 
expansion coefficient difference between the matrix and moulds cause thermal stress harm to the bit quality during cooling. To 
study the brazed diamond bit, a thermal elastic mechanics model of the matrix and the graphite mould was built based on the 
analysis of cooling process. The radial and tangential thermal stress between the matrix and the core mould were obtained. The 
study is shown as follows:  the radial stress and the tangential stress approximate to a linear relationship with the temperature
difference and the expansion coefficient difference. The thinner the matrix thickness becomes, and the greater the tangential
stress increases obviously. Generally, the radial stress is smaller than the tangential stress for the special bit. 
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1. Introduction 
In recent years, diamond bit plays an increasingly important role in geology, petroleum, construction and other 
industries with the rapidly development of China's industrial [1]. Brazed diamond bit attract more and more attention 
by advantages such as high bonding strength, high grit protrusion and large space for chip [2]. 
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Nomenclature 
a            inner radius of mechanical model 
b            outer radius  of mechanical model 
L            matrix height of mechanical model  w z       axial displacement field 
 u r        radial displacement field 
rV           radial stress 
r aV          radial stress on the radius r a  
r bV          radial stress on the radius r b  
TV           tangential stress 
rTW           shear stress  
rH             radial strain 
TH             tangential strain 
E             material elastic modulus 
mE            matrix elastic modulus. 
gE             graphite elastic modulus P              material Poisson's ratio 
mP            matrix Poisson's ratio 
gP             graphite Poisson's ratio D              heat extracting coefficient 
mD             heat extracting coefficient of  matrix 
gD             heat extracting coefficient of inner mould 
p             interface uniform pressure of the model 
1p              pressure on the radius r a  
2p             pressure on the radius r b  
biR            bit inner diameter 
biRc            bit inner diameter at brazing temperature 
biR'          deformation of internal wall caused by temperature 
biRc'          matrix diameter variation under the effect of pressure  
biRcc'          total variation of inner radius of matrix under the pressure  and temperature 
ioR'           variation of outer radius of inner mould caused by temperature change 
ioRc'          variation of outer radius of inner mould caused by the pressure  
ioRcc'          total variation of outer radius of inner mould 
boD            outer diameter of bit 
biD            inner diameter of bit 
Brazed diamond bit process becomes more and more complete. The brazing temperature (970-1050 ć) is higher 
than that of the traditional sintering. The higher temperature produced the greater stress during the cooling, which 
could cause cracks on the lip of bit matrix and shorten the service life of bit [3]. Therefore, the thermal stress during 
the manufacturing process should be studied. On the other hand, a quick and easy de-mould tool is developed to 
separate the brazed-sintered diamond bit from the core mould. It’s necessary for designer to calculate the stripping 
load in normal temperature based on the pressure between the matrix and the core mould. 
At present, stress calculations about the brazing process were generally realized by numerical simulation using 
the software. Some methods to improve brazing process and product quality by simulating the temperature field and 
its stress field were explored, whose focuses are different. Thermal residual stresses are one of the crucial 
parameters in diamond tool. The study shows different welding arts and crafts affect the stress of diamond’s alloy [4]. 
The residual stresses are sensitive to the stress-strain behavior of the metal matrices, so it is important to control the 
sintering temperature parameter when using conventional metal powders for producing diamond tools [5]. It is also 
found that a method of using interlayer for brazing is very effective to release the residual stress of ceramic/metal 
brazing joint [6]. 
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However, the calculation about the stress between matrix and graphite mould of brazed diamond bit is rarely 
reported. In this paper, the elastic mechanics model of the bit matrix and the graphite mould was built firstly, and 
then formulae are derived to calculate the stress between the matrix and the graphite mould. At last, the main factors 
that influence radial stress or tangential stress were discussed. 
2. Modeling of Brazed Diamond Bit while Cooling 
In the high temperature process of brazing diamond bit, inner and outer moulds were firstly assembled, and then 
brazing powder was filled in. As shown in fig. 1(a), steel body was put by entering of the inner mould. We Put 
Assembly model into a brazing furnace, and then gradually raise temperature to 970-1050 ć. The steel body and the 
moulds remain solid form, but the brazing powder melts metal liquid. Under the condition of no pressure or low 
pressure, the contact among matrix material, steel body and graphite moulds is freedom, and there is little stress on 
the interface of each other. After undergoing high temperature and heat preservation, the assembly was removed 
from the furnace and naturally cooled by air. The deformation is different on account of the different thermal 
expansion coefficient among the matrix, steel body and graphite mould. The contraction amplitude of the matrix and 
steel body is greater than that of graphite mould, this results in that the steel body and matrix gradually tighten the 
inner mould, the outer mould will be automatically separated from the matrix with temperature decreasing. 
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Fig. 1 (a) Assembly Drawing of Brazing Diamond Bit and Mould; (b) The Mechanical Model of Drill Matrix and Mould 
Since that the brazing process is relatively complex, when building and analyzing the elastic mechanics model of 
drill matrix and graphite mould, following assumptions are made: 
(1)These matrixes and moulds are all thick wall cylinder. The simplified model of cylindrical coordinate system is 
shown as Fig. 1(b). 
(2)The inner mould and the matrix keep in contact during cooling process and the temperature is uniform 
distribute. 
(3)Assuming that graphite moulds and the diamond bit are homogeneous, isotropic and continuous body, the 
material attribute parameters are constant. 
In normal temperature condition, the matrix (steel body) and the outer mould are in a separated state, so the outer 
mould could not be taken into consideration when modelling. In order to analyze the stress between the matrix and 
the core mould, the model was established.   
2.1. Basic Equations 
As is shown in Fig.1 (b), we can regard the mechanical model of brazed diamond bit as an axisymmetric thick 
wall cylinder during cooling. Polar coordinates  , ,r zT  are introduced into this problem, which can be defined as 
plane strain. Where rTW =0ˈ  w z is zero, rV , TV  and  u r  are the function of variable r only, have nothing to do 
a b 
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with the angleT  [7]. 
The basic equations of these parameters in plane strain are expressed as: 
0r rd
dr r
TV V V                                                                                             ˄1˅ 
r
du
dr
H  u
rT
H                                                                                                 ˄2˅ 
 
 
1
1
r r
r
E
E
T
T T
H V PV
H V PV
­  °°®°  °¯
                                                                                          ˄3˅ 
Combining equations (1), (2) and (3), the differential equation about rV  can be obtained as: 
 
2
2
3 0r rd d
dr r dr
V V                                                                                             ˄4˅ 
Solve equation (4), the following formula can be gotten: 
2
1 12 22 2r
C CC C
r r
V                                                                                    ˄5˅ 
Substitute equation (5) into equation (1), the following formula can be gotten: 
 
2
1 2
CC
rT
V                                                                                                    ˄6˅ 
Where integration constant 1C , 2C are Determined by boundary conditions. Substituting equations (5) and (6) into 
equation (3) yields: 
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                                                                       ˄7˅ 
Then, substitute equation (7) into (2), the following formula can be gotten: 
    211 1 1 Cu r C rE rTH P P
ª º    « »¬ ¼                                                                 ˄8˅ 
There is mutual extrusion stress on contact area between bit matrix and inner mould in the actual brazing cooling 
process. Therefore, strain and displacement should be analyzed. The boundary conditions, which are set up on the 
internal and external wall of thick wall cylinder, are expressed as follows: 
1r a pV    ˈ 2r b pV                                                                                    ˄9˅ 
Substitute equation (9) into equation (5), the following formula can be gotten: 
 2 21 1 22 21C a p b pb a  ˈ  
2 2
2 2 12 2
a bC p p
b a
     
Substitute 1C , 2C into equations (5), (6) and (8), the following formula can be gotten: 
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A set of formulae about the relationship of thermo-elastic mechanics between bit matrix and inner mould was 
established during brazing cooling process. The bit matrix tights the inner mould while the temperature decreases 
gradually. The deformations of bit matrix or inner mould are mainly composed of two parts, one of which was 
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produced by temperature variation and the other by the pressure between the matrix and core mould. The relative 
error RH' between the contracting and expanding can be ignored because of 1.39%rR TH D'  d  in the special 
engineering. 
2.2. The thermal Stress of the Brazed Diamond Bit while Cooling 
(1)  Modeling of the bit matrix 
First, we assume that bit matrix is freedom and temperature changes only from high temperature to low one. biR'  
is as follow: 
  '- -bi m bi m biR TR TRD D'  |                                                                                        ˄11˅ 
In the matrix contraction process, the external wall of matrix separates from the internal wall of the outer mould, 
but the internal wall of the matrix was tightly restrained by inner mould, which exerts a uniform pressure on the 
internal wall of the matrix.  
bir a R  , 1p p ; bor b R  , 2 0p                                                                      (12˅ 
Substituting equation (12) into equation (10) yields: 
 
   22' 2 2 1 1m bobibi m bi
bim bo bi
RR pR R
RE R R
P Pª º'   « » ¬ ¼                                                     ˄13˅ 
The total deformation biRcc'  is expressed as: 
 
   22'' ' 2 2 1 1 -m bobibi bi bi m bi m bi
bim bo bi
RR pR R R R TR
RE R R
P P Dª º'  '  '   « » ¬ ¼                     ˄14˅ 
(2) Modeling of the inner mould 
Supposed the core mould can contract freely under the condition of the temperature change, ioR'  is expressed as: 
- -io g io g ioR TR TRD Dc'  |                                                                                             ˄15˅ 
Assumed the matrix internal wall exerted a uniform pressure on the inner mould.  
0r a  ˈ 1 0p  ˗ ior b R  ˈ 2p p ; 
ioRc'  is expressed as: 
                                 
 ' 1-- io gio
g
R p
R
E
P'                                                                                                    ˄16˅ 
Therefore, the total deformation ioRcc' is expressed as:  '' ' 1- -ioio io io ioR pR R R TRE
P D'  '  '  J J
J
                                                                  ˄17˅ 
(3)  The condition of deformation coordination 
The outer radius of inner mould is equals to the bit inner diameter in the highest temperature. 
   1 1bi m io gR T R TD D                                                                                             ˄18˅ 
The bit matrix tights the core mould between the bit matrix and inner mould during the cooling process, and the 
total deformation of the matrix equals to one of the core mould, i.e.: 
'' ''
bi ioR R'  '                                                                                                                 ˄19˅ 
Substitute equations (14), (17) and (18) into equation (19), and substitute r pV  into equation (10). Then a set of 
stress formulae for the bit matrix are the following: 
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The formulae are obtained as equation (20). 
A conclusion can be drawn that the radial stress and the tangential stress approximate to a linear relationship with 
the temperature difference T and also with the difference  g mD D  of expansion coefficient because of ¢¢7PD , 
¢¢7JD at 1000T |  ć. 
3. Analysis and Discussion 
The single pipe bit series and the other common specifications of the general geological drilling were selected for 
analysis, the physical parameters of mould and bit matrix involved are shown in Table. 1. 
                           Table. 1 The Material Attribute Parameters 
Attribute parameter Bit matrix Graphite mould 
Poisson's ratio 0.3 0.425 
Elastic modulus(Pa) 121.7×109 11.5×109 
Heat extracting coefficient (m/ć) 13.9×10-6 3.8×10-6 
Effect of the parameters of the brazed diamond bit on stress between the matrix and the core mould were analyzed 
based on the nominal bit diameter 85boD mm . Since the matrix has certain of thickness, the radial stress and the 
tangential stress curves along with the change of inner diameter from 40mm to 80mm were shown in Fig. 2. 
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Fig. 2 Stress Curves along with the Change of Inner Diameter when Bit Outer Diameter is Constant 
As shown in Fig. 2, when the bit outer diameter is constant, the radial stress rV decreases gradually and the 
tangential stress TV increases obviously with the increase of the inner diameter of the bit matrix, i.e., the thinner the 
thickness of matrix lip becomes, and the greater the tangential stress TV  increases. Generally, the radial stress is 
smaller than the tangential stress of the special bit. 
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When thickness of matrix lip   / 2 13.85bo biD D mm   is a constant, the inner diameter varies from 40mm to 
57.1mm and meanwhile the outer diameter increased from 67.9mm to 85mm, the stress curves along with the inner 
diameter were shown in Fig. 3. 
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Fig. 3 Stress Curve along with the Change of Inner Diameter when the Thickness of Matrix Lip is a Constant 
As shown in Fig. 3, when the thickness of matrix lip is a constant, the radial stress rV decreases gradually, and the 
tangential stress TV  increases with the increase of the bit inner diameter. The varying value of the stresses is small 
in the calculation conditions. Therefore, when the thickness of matrix lip is constant, the increase of inner and outer 
diameter at the same time has a little influence on the radial stress and tangential stress at interface between the bit 
matrix and the core mould. 
4.  Conclusions 
Through the above analysis of thermal elastic mechanics model of the core mould and the matrix during cooling, 
the main conclusion can be obtained as follows: 
(1) The radial stress and the tangential stress approximate to a linear relationship with the temperature difference T  
and also with the difference  g mD D  of expansion coefficient because of ¢¢7PD , ¢¢7JD . 
(2) The thinner the thickness of matrix lip becomes, and the greater the tangential stress TV increases obviously. 
Generally, the radial stress is smaller than the tangential stress for the special bit. 
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